The friction stir welding process is an innovative technique for joining metals using plasticity, without presenting the fusion. It was first applied to aluminum alloys, for example copper, steel alloys, polymers and others. In this work the effects of the rotational speed, the speed of travel and the axial force of the tool were grouped in a mathematical model to quantify their influences on the weld seam. In this context and with of the experimental tests, the desired objective through this study is to describe the tensile strength of the cord resulting from this welding operation, for the qualification of this type of parts with an optimum adapted to a given application.
INTRODUCTION
Friction stir welding is based on an invention of which first patent was filed in 1991 by The Welding Institute (TWI) [1] , it is a solid-state welding process that offers an attractive alternative to fusion welding. Recent studies show that the friction stir welding (FSW), a solid-state joining technique successfully applied in cases of similar and dissimilar lowtemperature materials, will be a potential candidate for the dissimilar joining of Al alloys and steels [9] . More recent works on FSSW include Klobčar et al. [10] on sheet aluminum joining and on development of FSW robot system for automobile industry [11] . The entire process appears relatively simple in that a rotating tool is plunged between the surfaces of two abutting plates and it is then traversed along the length of the plates. The advancing and retreating sides of the weld are defined by the direction of tool rotation with respect to the tool translation. It is composed of a pin and a shoulder, it is brought to the level of the joint plane and it is rotated. On the advancing side, the tool rotation and translation are in the same relative direction while tool rotation and weld direction oppose each other at the retreating side. The friction of the tool pin inserted between the parts to be welded causes a heating which results in a "softening" of the material. The material flow during FSW is very complex, but can be explained as a simple extrusion process. Tool rotation causes material transfer around the tool, stirring the two plates together. As the tool is translated, it essentially extrudes the stirred material through a "die" created by the tool and the UN softened plate material. This welding process reveals several advantages that make this technique a very important challenge. Among these advantages we quote: Absence of porosity and gaseous protection, a welding of mechanical properties very close to those of the base metal. To study the influence of weld parameters on weld bead quality, let us recall the study result of Palanivel et al [7] which dealt with the influence of the welding parameters (the speed of rotation, the speed of welding and the plunging face of the tool) on the mechanical characteristics of the weld bead, based on tensile tests. The interest of this study is to optimize the conditions of welding FSW by the implementation of an experimental modeling based on the method of the plans of experiments (complete plan) to predict the quality of the welded bead at the tensile resistivity.
EXPERIMENTAL
The material used is the aluminum alloy with copper (AW-2017A), used in the industry does not exceed a proportion of 12% copper. It is about an alloy of density is about 2.79 kg/dm3. The principle of welding by the technique of FSW consists of attaching the two plates on the table of the machine in order to avoid any movement of these last two. The faying surfaces were then mechanically polished using 300-grit emery paper to ensure gap-free contact between the faying edges, and the pieces were thoroughly cleaned using acetone. The machine used is a milling machine adapted for this purpose. The tools used during the operation of welding are made out of steel strongly allied X200Cr12, of the truncated pawn of form. The pawn is used primarily for malaxation of the matter. The shoulder serves à apporter of heat by friction and to contain the matter mixed around the pawn (Fig. 1 ).
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Fig. 1. Experimental processes: a) parameters operation of Welding fsw; b) Tensile specimen for FSW.
During the welding process, the plunge depth of shoulder was controlled manually in order to modify the quality of weld formation. The material of the parts to be assembled is heated at the level of the weld zone by friction and plastic deformation to a temperature of the order of magnitude of that attained in hot forging. There is no fusion of matter compared with conventional fusion welding processes. In this study and on the basis of our work carried out previously three parameters were chosen because of their great influence on this process. The first is the rotational speed of the tool which is between 1000 and 1400 RPM, the second is the speed of advance of the tool, it is between 22 and 75 mm / min, the last is the axial force of tool penetration and it is between 2 and 4 KN as indicated in the table 1. The tensile tests were performed on standard flat specimens according to ASTM E8 M-04 ( fig.1-b ) for the purpose of measuring the tensile strength as shown in Table 1 .
The tests are carried out on a universal tensile strength machine with a capacity of 200KN maximum. 
MODELING OF THE PHENOMENON 3.1. Calculation of factor effects
A simple application is provided by the complete plan. The calculations can be performed by a simple matrix calculation as indicated in table 2 named matrices of experiments. Where X1, X2 and X3 respectively represent the coded variables representative of the main factors and the interactions between these factors are represented by I12, I13 and I23. The model chosen a priori is the following:
Y=a0 +a1X1+ a2X2 + a3X3+ I12 X1 X2+ I13 X1 X3+ I23 X2 X3 (1) So the system is written in the following form:
The solution of the system which results the coefficients of the model is obtained by the least squares method. This solution is given by the following formula: 
Validation of the model
Before going to parametric analysis, it is necessary to test the model chosen by variance analysis in order to predict whether this model represents the phenomenon and introduces an acceptable bias.
Residual variation
The predicted responses are calculated from the equation of the model and the standard deviations are obtained (difference between the two models as shown in Fig. 2) (Table 5) Y observed =(Y predicted =a 0 +a 1 X 1 + a 2 X 2 + a 3 X 3 +I 12 X 1 X 2 + I 13 X 1 X 3+ I 23 X 2 X 3 ) +e Table 5 . Predicted responses and standard deviations Fig.2. Schematization of both models (experimental and  theoretical) . The Fcrit test value, taken from the Fischer table with (k-1) and (n-k) degrees of freedom, is equal to 19.30 and the value calculated by our model (Fabs) is 28.69. The comparison of these two values shows that Fabs> Fcrit; therefore, this model is globally significant.
Variation due to the linear connection
Refining the model by Rejection of factors
This operation is important because it makes possible to reduce the dimension of the problem by rejecting nonsignificant factors, by using a Student's table [8] by the combination of degrees of freedom (ν = n -p (n: the number of experiments performed, p: the number of effects including the constant) and α and the risk of the first species (usually 5% or 1%), the test rule is as follows:

If the │effect of a parameter | >tcrit (α, ν) * si so the effect is significant.  If the │effect of a parameter | <tcrit (α, ν) *si so the effect is not significant.
The test is done using si to keep the same variance throughout the model. By comparing this value with the effects values mentioned in Table 4 , it can be seen that only the interaction I23 (weldspeed/axial force) has a non-significant effect.
DISCUSSION
Analysis of a single factor effect
This analysis consists in maintaining a variable factor and fixing the other two in the model (1) .
Fig.3. Effect of the factors separately
The importance of the effects caused by the main factors on the objective function can be estimated from FIG. 3. The analysis of the results shows that the good tensile strength is when the rotational speed of the tool is at its low level ( Fig. 3  a) while the other two factors (the welding speed and the axial force) provoke a good tensile strength if they have found at its high level. Let us conclude that the axial force is more suggestible than the speed of advancement, as shown by the slopes of Figs. 3b and 3c.
Analysis of simultaneous effect of two factors 4.2.1. Interaction tool rotation speed-welding speed
To analyze the impact of interactions on the response, the isos-curves are analyzed. The interaction between the Welding speed and the axial force was eliminated after the significance test.
Axial Force =2KN
Axial Force=3KN
Axial Force =4KN Fig.4 . Interaction Tool rotation speed welding speed. Fig. 4 represents the effect of the two factors (tool speed rotation) and (Welding speed) acting simultaneously while passing from their minimum value to their maximum value, with the third as a constant (three values are chosen: 2KN, 3KN and 4KN) on tensile strength. If we do a horizontal analysis, we notice that the enlargement of the rotational speed for the three cases of the fixed factor causes a drop in the tensile strength regardless of the value taken by the feed rate. In the same figure and by a vertical analysis it is found that the tensile strength takes its maximum value in the three chosen cases when the speed welding takes its high value, with a low speed of rotation. So overall to have a good tensile strength the rotation speed at 1000tr / min, the feed speed at 75mm / min and an axial force at 4 KN must be maintained. Fig. 5 shows the variation of the tensile strength as a function of the speed of rotation and the axial force when the speed of advance is fixed at a chosen value (22 mm / min, 48 mm / min and 75 mm / min). Note that the isocurves are similar to those of the previous interaction. That is to say for the three values chosen for the speed of advance the good tensile strength is localized at a low speed of rotation 1000 rpm and a large axial force 4 KN whatever the value given to the speed of advance.
Interaction tool rotation speed -axial force
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Fig. 5. Interaction tool rotation speed -axial force
CONCLUSIONS
The following conclusions were drawn from the above study.
1. The standard deviation (e) shows that the chosen experimental domain represents the phenomenon. 2. The effect of the combination of the welding speed and the axial force (I 23 interaction) makes no change to the tensile strength of the weld joint. 3. Among the two different tool rotation speeds, the lower gives more tensile strength when compared to the greater whatever the levels of the other parameters. 4. The theoretical model developed through the experimental results shows that the rotation of the tools is the most important action in this process because it ensures friction and mixing. 5. The tensile strength is influenced by the working conditions according to this classification, tool rotation speed, effort axial and welding speed. 6. In the six interaction cases and regardless of the values taken by the welding speed and the axial force, the poor tensile strength is associated with the large tool speed rotation.
